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ABSTRACT 25 
Background 26 
The gold standard to assess salt intake is 24-h urine collections. Using a urine spot sample can 27 
be a simpler alternative, especially when the goal is to assess sodium intake at the population 28 
level. Several equations to estimate 24-h urinary sodium excretion from urine spot samples have 29 
been tested in adults, but not in children. 30 
Objective 31 
The objective of this study was to assess the ability of several equations and urine spot samples 32 
to estimate 24-h urinary sodium excretion in children.  33 
Methods 34 
A cross-sectional study of children between 6 and 16 years of age was conducted. Each child 35 
collected one 24-h urine and three timed urine spot samples, i.e., evening (last void before going 36 
to bed), overnight (first void in the morning), and morning (second void in the morning). Eight 37 
equations (i.e., Kawasaki, Tanaka, Remer, Mage, Brown with and without potassium, Toft, and 38 
Meng) were used to estimate 24-h urinary sodium excretion. The estimates from the different 39 
spots and equations were compared with the measured excretion using several statistics.  40 
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Results 41 
Among the 101 children recruited, 86 had a complete 24-h urine collection and were included 42 
in the analysis (mean age: 10.5 years). The mean measured 24-h urinary sodium excretion was 43 
2.5 g (range: 0.8-6.4). The different spots and equations provided highly heterogeneous 44 
estimates of the 24-h urinary sodium excretion. The overnight spots with the Tanaka and Brown 45 
equations provided the most accurate estimates (mean bias: −0.20-−0.12 g, correlation: 0.48-46 
0.53, precision: 69.7%-76.5%, sensitivity: 76.9%-81.6%, specificity: 66.7%, and 47 
misclassification: 23.0%-27.7%). The other equations, irrespective of the timing of the spot, 48 
provided less accurate estimates. 49 
Conclusions 50 
Urine spot samples, with selected equations, might provide accurate estimates of the 24-h 51 
sodium excretion in children at a population level. At an individual level, they could be used to 52 
identify children with high sodium excretion. 53 
Keywords: sodium, salt, 24-h urine collection, urine spot sample, children  54 
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INTRODUCTION 55 
High salt intake is a cause of elevated blood pressure (1, 2) and has been estimated to cause 56 
1.65 million deaths from cardiovascular diseases per year (3). High salt intake has also been 57 
associated with other conditions, such as osteoporosis (4), diabetes (5), and cancer (6). While 58 
salt intake in adults has been shown to be high in many countries worldwide (7), only few 59 
studies have been conducted to evaluate salt intake in children, notably because it is difficult to 60 
measure intake in that age group (2, 8). The easiest way to assess sodium intake is by dietary 61 
questionnaires, e.g., 24-h dietary recalls and food frequency questionnaires. While these 62 
questionnaires can be useful to assess the main dietary sources of sodium intake, they are unable 63 
to quantify accurately the actual intake of sodium (9). A standard method to estimate sodium 64 
intake is by measuring sodium excretion based on 24-h urine collections (10-14). This method 65 
presents however significant practical difficulties, especially among children (15-20).  66 
In adults, urine spot samples could be an alternative to 24-h urine collections to estimate sodium 67 
intake at the population level (14, 21, 22). Several equations, such as Kawasaki et al. (23), 68 
Tanaka et al. (24), and INTERSALT (25) have been developed and are based on sodium and 69 
creatinine concentration in urine spots, while also adjusting for age and sex. Most of these 70 
equations were developed in adults, with only a few developed in children (26, 27). To the best 71 
of our knowledge, these equations have not been tested in children. Further, at least three types 72 
of urine spot samples can be distinguished depending on the timing of the collection of the spot, 73 
e.g., evening (last void before going to bed), overnight (first void upon rising in the morning), 74 
and morning (second void upon rising in the morning) (22). Given that urinary sodium excretion 75 
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varies throughout the day (28, 29), timing of the urine spot sample can have an impact on the 76 
estimation of the 24-h sodium excretion.  77 
The objective of this study was therefore to determine whether urine spot samples can be used 78 
to estimate 24-h urinary sodium excretion in children. The specific objectives of this study 79 
were: 1) to compare different equations and urine spot samples (collected at different times) to 80 
estimate 24-h sodium excretion in children, and; 2) to assess which of these equations and spots 81 
are the best to estimate 24-h sodium excretion. Finally, we evaluated if spot estimates are 82 
suitable to estimate salt excretion at a population level, for a public health purpose, and at an 83 
individual level, for a clinical purpose.  84 
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METHODS 85 
Study design 86 
This study was a cross-sectional study with a convenience sample of participants. Children were 87 
recruited at the Hospital of Valais, in Sion, and in several pediatric and primary care facilities 88 
in Valais between September 2016 and February 2018. Children between 6 and 16 years of age 89 
were eligible for inclusion. Children with a condition potentially altering the consumption or 90 
excretion of sodium, taking medication that alters sodium excretion, with intravenous fluid 91 
infusion during data collection, or with insufficient knowledge of the local language to 92 
understand the content of the information forms and questionnaires were not eligible. 93 
Data collection 94 
Upon enrolment, the children were weighed with a weighing scale and measured with a wall 95 
mounted stadiometer in light clothes and without shoes by a trained nurse or a research assistant. 96 
Urine collection was done at home over three consecutive days (day 1 to day 3), which 97 
consisted, consecutively, of 1) one evening spot (last void before going to bed) on day 1, one 98 
24-h urine on day 2, 2) one overnight spot (first void upon rising in the morning) on day 3, and 99 
4) one morning spot (second void upon rising in the morning) on day 3. To ensure a complete 100 
urine collection, written and oral instructions were given to the participants and their parents, 101 
urine collection times were reported, and special urine collection pots were provided. Moreover, 102 
they were instructed to maintain their usual diet and liquid intake during urine collection. 103 
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During urine collection, participants and parents were instructed to keep the urine samples in 104 
closed containers in the fridge at a temperature between 4-8°C and to bring them to the Sion 105 
Hospital laboratory no later than 48 hours after urine collection. The urine samples were stored 106 
at -20°C until analysis. Sodium and potassium concentrations were measured with ion-selective 107 
electrodes and creatinine concentration with the Jaffe colorimetric method (30), using a Cobas 108 
c-501 Analyzer Roche. 109 
Ethics 110 
The study protocol was approved by the Ethics Committee of Canton de Vaud, Switzerland 111 
(CER-VD, identification number: 2015-01178). Information on the study was given to the 112 
parents (or legal guardian) and children orally and in writing. Written consent was obtained 113 
from the parents (or legal guardians). In addition, children below 14 years of age gave oral 114 
consent and children of or above 14 years of age gave written consent. The children received a 115 
backpack, a watch and a pen to thank them for their participation. 116 
Statistical analysis 117 
A sample size of 100 children was calculated to be sufficient to detect a difference in sodium 118 
excretion between 24-h urine collection and spots with an accuracy of 0.4 g, assuming a 119 
correlation of 0.4 between 24-h sodium excretion and estimates based on spots, a standard 120 
deviation of 1.5 g for measured and estimated 24-h sodium excretion, an intra-class correlation 121 
between children of the same family of 0.7, and a drop-out rate of 15%. 122 
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Body mass index (BMI) was calculated by dividing weight (kg) by the squared height (m) and 123 
z-scores based on the reference values from the 2000 Centers for Disease Control and 124 
Prevention (31). To calculate the 24-h sodium and creatinine urinary excretions (g/24h or 125 
mmol/24h), concentrations (g/L or mmol/L) were multiplied by the volume of the 24-h sample 126 
(L) and adjusted for self-reported collection times to represent an exact 24-hour duration (as a 127 
fraction of 24 hours). A 24-h creatinine excretion of less than 0.1 mmol per kilogram of body 128 
weight per day was considered an indication of incomplete 24-h urine collection (32). Children 129 
with incomplete 24-h urine collection were excluded from analysis.  130 
We used eight equations to estimate the 24-h urinary sodium excretion from urine spot samples 131 
(details are shown in Table 1) (23-27, 32-35). These eight equations were used to calculate the 132 
estimated 24-h urinary sodium excretion from the three different spots. Scatterplots and Bland-133 
Altman diagrams (36, 37) were plotted for each spot and equation allowing visual comparisons. 134 
To compare the estimated 24-h urinary sodium excretion from the different equations and spots 135 
with the measured 24-h urinary sodium excretion, several statistics were calculated: mean bias, 136 
i.e., mean difference between the estimated and measured 24-h sodium excretion (in grams of 137 
sodium); Pearson correlation coefficient between estimated and measured excretion; precision, 138 
i.e., proportion of children with a difference within ±1 g between estimated and measured 139 
excretion; sensitivity, i.e., the proportion of children who had an estimated 24-h sodium 140 
excretion ≥2 g/day among those who had a measured excretion ≥2 g/day; specificity, i.e., the 141 
proportion of children who had an estimated 24-h sodium excretion <2 g/day among those who 142 
had a measured excretion <2 g/day; and misclassification, i.e., the proportion of children who 143 
were incorrectly classified to ≥2 g/day or <2 g/day.  144 
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Moreover, to determine the overall performance, we computed a total score combining all these 145 
statistics, for each equation and spot. The total score ranged from 0 to 6 and consisted of the 146 
sum of points attributed to each measure. A point of 1 was attributed to an absolute mean bias 147 
below 0.4 g per day, a correlation above 0.4, a precision above 60%, a sensitivity above 75%, 148 
a specificity above 75%, and a misclassification below 30%; for all other values, a point of 0 149 
was attributed. A score of 0 indicated the worst performance and of 6 indicated the best 150 
performance. We considered further that estimates could be used to assess salt intake at a 151 
population level, for a public health purpose (for example for the surveillance of salt intake in 152 
a population, to assess the effectiveness of a population-based intervention to reduce salt 153 
intake), if mean bias, correlation, and misclassification were satisfactory. We considered that 154 
estimates could be used to assess salt intake at an individual level, for a clinical purpose (for 155 
example during a clinical consultation to assess the salt intake of a child with elevated BP), if 156 
precision, sensitivity, and specificity were satisfactory.  157 
A heatmap was created to visually represent the different statistics. The color of the cells of this 158 
map were determined based on a gradient which ranged from red (worst estimate) through 159 
yellow (50th centile) to green (best estimate). Statistical analyses were conducted with R 160 
(version 3.3.1) and R Analytic Flow (version 3.0.6).   161 
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RESULTS 162 
Of the 101 children enrolled in the study, 94 collected a 24-h urine sample. The 24-h urine 163 
collection was complete for 86 children. The study flowchart is shown in Supplemental Figure 164 
1. The characteristics of the 86 children included in this analysis are shown in Table 2. On 165 
average, the children were 10.5 years old (SD: 2.7, range: 6-16) and 41.9% were girls (n=36). 166 
The characteristics did not differ significantly between children who collected a complete 24-h 167 
urine sample (n=86) and those who did not (n=14). The mean 24-h excretions of sodium, 168 
creatinine and potassium were 2.4 g (SD 1.1, range: 0.3-6.4), 6.4 mmol (SD: 3.4, range: 2.5-169 
27.4), and 1.8 g (SD: 0.6, range: 0.6-4.4) respectively. 170 
The scatterplots showing the relation between estimated and measured excretion, for each 171 
equation and spot, are shown in Figure 1. The scatterplots with the Kawasaki, Toft, Meng and 172 
Remer equations tended to be more dispersed than with the Tanaka, Brown, and Mage 173 
equations. The Bland-Altman diagrams are shown in Figure 2. The diagrams show that the 174 
limits of agreement tended to be the largest for the morning spots and that the mean bias tended 175 
to be the lowest with the overnight spot. All equations and spots tended to over-estimate very 176 
low 24-h excretions of sodium (<1 g) and under-estimate very high 24-h excretions of sodium 177 
(>5 g) , except for the equations from Kawasaki, Meng and Toft, who tended to systematically 178 
over-estimate 24-h sodium excretion, whatever the level of sodium (Figures 1 and 2). 179 
The different statistics used to compare the different equations and spots are shown in Figure 180 
3. The mean bias ranged from −0.98 to 2.94 g, the Pearson correlation from 0.40 to 0.54, and 181 
the precision from 4.7% to 76.5%. The sensitivity ranged from 36.5% to 100.0%, the specificity 182 
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from 0.0% to 93.9%, and the overall percentage of children misclassified from 23.5% to 41.2%. 183 
The overall performance score ranged from 1 to 5.  184 
The Kawasaki, Meng and Toft equations provided the least accurate estimates of 24-h sodium 185 
excretion (Figure 3, score between 1 and 2). They tended to overestimate 24-h sodium 186 
excretion (Figure 3, mean bias between 0.95 and 2.94 g). The equations from Mage and Remer 187 
provided estimates of 24-h sodium excretion of variable accuracy (Figure 3, score between 2 188 
and 4). The equations from Tanaka and Brown with and without potassium provided the most 189 
accurate estimates of 24-h sodium excretion (Figure 3, score between 4 and 5). The overnight 190 
spots gave the best estimates with the Tanaka, Brown and Meng equations, the morning spots 191 
gave the best estimates with the Remer equation, and the evening spots gave the best estimates 192 
with the Mage equation. The most accurate estimates were provided with the Tanaka and Brown 193 
equations and the overnight spot (Figure 3, score 5). 194 
To estimate salt intake at a population level, i.e., with the lowest bias, highest correlation, and 195 
lowest misclassification, the Tanaka and Brown equations with the overnight spot and the Mage 196 
equation with the evening spot provided the best estimates (Figure 3). To estimate salt intake 197 
at an individual level, i.e., with the highest precision, sensitivity, and specificity, the Tanaka 198 
equation with any of the spots, the Brown equations with the overnight or morning spot and the 199 
Toft equation with the evening spot provided the best estimates (Figure 3). 200 
13 
 
DISCUSSION 201 
Summary of findings 202 
In this study, we found that the different equations and spots provided highly heterogeneous 203 
estimates of 24-h sodium excretions in children. The equations from Tanaka et al. and Brown 204 
et al. with the overnight spot provided the most accurate estimates. The accuracy of these 205 
equations and spot was sufficient to estimate salt intake at a population level, for a public health 206 
use. At an individual level, for a clinical use, they might be used as an alternative to a single 207 
24-h urine collection to identify children with high sodium excretion. Other equations and spots 208 
were less satisfactory. 209 
Comparison with other studies 210 
In adults, several studies have compared 24-h urinary sodium excretion with estimates from 211 
different equations and spots. In a systematic review by Huang et al (22), 29 studies comparing 212 
estimates from spots and measures from 24-h collections were identified, but none involved 213 
children. According to the latter review, the Tanaka and Brown equations with the morning and 214 
evening spots provided the best estimates, while the Kawasaki equation largely over-estimated 215 
24-h sodium excretion. This is consistent with our findings, where the Tanaka and Brown 216 
equations provided the most accurate estimates of 24-h sodium excretion, while the Kawasaki 217 
equation over-estimated 24-h sodium excretion. These equations tended to overestimate 24-h 218 
sodium excretion at low levels of excretion and under-estimate excretion at high levels of 219 
excretion (22), in line with our findings.  220 
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Overnight urine spot samples were shown to under-estimate 24-h sodium excretion in adults 221 
(22). In our study, the overnight spot also provided the lowest estimates, but these estimates 222 
provided the best agreements with the 24-h urine collection. Overnight urine spots usually 223 
represent a longer period of collection (around 8 hours) than the other spots, which could be a 224 
reason why this spot tended to provide better estimates than the evening or morning spots. 225 
Moreover, they are potentially less influenced by hydration and physical activity than the other 226 
spots. Overnight spots might be however less convenient to collect than the morning spots, 227 
which can be collected during the consultation at the doctor’s office. 228 
The two equations which were developed specifically for children, i.e., Remer et al. (32) Meng 229 
et al. (26), did not perform well in our sample. There are different reasons why these equations 230 
might have not performed well. The equation from Remer et al. (32) was developed to estimate 231 
the 24-h excretion of analytes in urine spot samples of healthy white children. The equation 232 
was derived from 24-h urine samples indirectly, without collecting any separate urine spot 233 
sample (32), contrarily to other equations developped in adults such as the one from Brown et 234 
al. Further, in this study, the equation was developed to predict the excretion of several analytes 235 
in 24-h urine from spots, and not specifically for sodium (32); it is possible that the equation 236 
should have been refined for sodium. The equation from Meng et al. (26) was developed using 237 
hospital data from children who had a 24-h urine and urine spot sample. It is unclear what was 238 
the time lapse between the 24-h urine and urine spot sample and how many children were 239 
included in this study. It is possible that this equation did not fit well our sample because our 240 
study population was different (e.g., healthy instead of sick and predominantly white instead of 241 
Asian), as well as our urine sampling (i.e., 24-h urine sequential to urine spot samples). 242 
15 
 
Nevertheless, whatever the reason of this discrepency, it confirms that it is always key to test 243 
such equation in various populations before making any recommendation.  244 
Strengths and limitations 245 
Our study has several strengths. Firstly, we tested within the same sample of children a large 246 
number of equations built to estimate 24-h sodium urinary excretion from spots, including two 247 
equations specifically designed for children. Secondly, we used a comprehensive set of statistics 248 
and plots (i.e. mean bias, Pearson correlation coefficients, precision, sensitivity, specificity, 249 
misclassification, scatterplots, and Bland-Altman plots) to compare the different equations and 250 
spots and to assess their validity to estimate 24-h sodium urinary excretion. It allowed us to 251 
assess the possibility of using these equations and spots not only at a population level, for a 252 
public health use, but also at an individual level, for a clinical use, in comparison to a single 253 
24-h urine collection. Thirdly, our study design allowed to compare three different timings of 254 
urine spot samples (evening, overnight and morning) and to determine which one was the best 255 
suited to estimate 24-h urinary sodium excretion. 256 
Our study, however, has also several limitations. The main limitation is that only one 24-h urine 257 
collection was collected per individual. It has been shown that 24-h urinary sodium excretion 258 
varies not only due to the fluctuations in the diet, but also due to infradian fluctuations in sodium 259 
excretion that happen even at constant sodium intake (38). It is therefore better to have multiple 260 
24-h urine collections to reliably estimate the average sodium intake at the individual level (39, 261 
40). With our study, we were able to show that a urine spot sample can estimate 24-h urinary 262 
sodium excretion from one 24-h urine collection, but we could not determine whether a urine 263 
16 
 
spot samples can estimate average sodium intake estimated from multiple 24-h urine 264 
collections. Another weakness of our study is that the external validity of our findings might be 265 
limited as our study sample was comprised of a small number of children from one region of 266 
Switzerland and between 6 and 16 years of age.  267 
Future research 268 
In order to increase the external validity of our findings, other studies should test the different 269 
spots and equations in other populations of children. Furthermore, a study collecting multiple 270 
24-h urine samples and urine spot samples over several weeks would be useful to evaluate the 271 
validity of using either a unique spot or multiple spots to estimate the true average sodium 272 
intake at the individual level. Further, many different equations have been developed to estimate 273 
24-h urinary sodium excretion from urine spot samples. When clinicians or researchers are 274 
faced with so many possibilities, it can be difficult to choose which equation is best (41). Instead 275 
of developing a new equation for each different population group, it would be useful to pool all 276 
the individual data together and develop a universal equation. A systematic review and meta-277 
analysis of individual participant data (42) is currently ongoing, with this same aim. 278 
Conclusions 279 
Our study suggests that urine spot samples, with appropriate equations, might provide fairly 280 
accurate estimates of 24-h sodium excretion in children. The overnight urine spot sample with 281 
the Tanaka and Brown equations provided the most accurate estimates of 24-h urinary sodium 282 
excretion.  283 
17 
 
ACKNOWLEDGEMENTS 284 
We thank Mrs Marie-France Rudaz for the laboratory analyses.  285 
The authors’ contributions were as follows – AC, MB, RT, and ML designed the study; ML, 286 
RT, BG, and MRu recruited participants for the study; ML conducted the study, performed the 287 
statistical analysis, and wrote the paper; AC, MB, PB, RT, BG, MRu, MRo reviewed and 288 
approved the final manuscript; AC supervised the study and had primary responsibility for the 289 
final content. All authors have read and approved the final version of the paper.   290 
18 
 
REFERENCES 
1. Aburto NJ, Ziolkovska A, Hooper L, Elliott P, Cappuccio FP, Meerpohl JJ. Effect of 291 
lower sodium intake on health: systematic review and meta-analyses. BMJ 292 
2013;346:f1326. doi: 10.1136/bmj.f1326. 293 
2. Leyvraz M, Chatelan A, da Costa BR, Taffe P, Paradis G, Bovet P, Bochud M, Chiolero 294 
A. Sodium intake and blood pressure in children and adolescents: A systematic review 295 
and meta-analysis of experimental and observational studies. Int J Epidemiol 296 
2018(dyy121):1-15. doi: https://doi.org/10.1093/ije/dyy121. 297 
3. Mozaffarian D, Fahimi S, Singh GM, Micha R, Khatibzadeh S, Engell RE, Lim S, 298 
Danaei G, Ezzati M, Powles J, et al. Global sodium consumption and death from 299 
cardiovascular causes. N Engl J Med 2014;371(7):624-34. doi: 300 
10.1056/NEJMoa1304127. 301 
4. Fatahi S, Namazi N, Larijani B, Azadbakht L. The Association of Dietary and Urinary 302 
Sodium With Bone Mineral Density and Risk of Osteoporosis: A Systematic Review 303 
and Meta-Analysis. J Am Coll Nutr 2018:1-11. doi: 10.1080/07315724.2018.1431161. 304 
5. Han S, Cheng D, Liu N, Kuang H. The relationship between diabetic risk factors, 305 
diabetic complications and salt intake. J Diabetes Complications 2018;32(5):531-7. doi: 306 
10.1016/j.jdiacomp.2018.02.003. 307 
6. Ge S, Feng X, Shen L, Wei Z, Zhu Q, Sun J. Association between Habitual Dietary Salt 308 
Intake and Risk of Gastric Cancer: A Systematic Review of Observational Studies. 309 
Gastroenterol Res Pract 2012;2012:808120. doi: 10.1155/2012/808120. 310 
7. Powles J, Fahimi S, Micha R, Khatibzadeh S, Shi P, Ezzati M, Engell RE, Lim SS, 311 
Danaei G, Mozaffarian D, et al. Global, regional and national sodium intakes in 1990 312 
19 
 
and 2010: a systematic analysis of 24 h urinary sodium excretion and dietary surveys 313 
worldwide. BMJ Open 2013;3(12):e003733. doi: 10.1136/bmjopen-2013-003733. 314 
8. Cogswell ME, Maalouf J, Elliott P, Loria CM, Patel S, Bowman BA. Use of urine 315 
biomarkers to assess sodium intake: challenges and opportunities. Annu Rev Nutr 316 
2015;35:349-87. doi: 10.1146/annurev-nutr-071714-034322. 317 
9. McLean RM, Farmer VL, Nettleton A, Cameron CM, Cook NR, Campbell NRC, 318 
Consortium T. Assessment of dietary sodium intake using a food frequency 319 
questionnaire and 24-hour urinary sodium excretion: a systematic literature review. J 320 
Clin Hypertens (Greenwich) 2017;19(12):1214-30. doi: 10.1111/jch.13148. 321 
10. Sutton E, Emmett P, Lawlor DA. Measuring dietary sodium intake in infancy: a review 322 
of available methods. Paediatr Perinat Epidemiol 2008;22(3):261-8. doi: 323 
10.1111/j.1365-3016.2008.00940.x. 324 
11. Grimes CA, Riddell LJ, Campbell KJ, Nowson CA. Dietary salt intake, sugar-325 
sweetened beverage consumption, and obesity risk. Pediatrics 2013;131(1):14-21. doi: 326 
10.1542/peds.2012-1628. 327 
12. Savoca MR, Domel Baxter S, Ludwig DA, Evans CD, Mackey ML, Wilson ME, 328 
Hanevold C, Harshfield GA. A 4-day sodium-controlled diet reduces variability of 329 
overnight sodium excretion in free-living normotensive adolescents. J Am Diet Assoc 330 
2007;107(3):490-4. doi: 10.1016/j.jada.2006.12.005. 331 
13. Tian N, Zhang Z, Loustalot F, Yang Q, Cogswell ME. Sodium and potassium intakes 332 
among US infants and preschool children, 2003-2010. Am J Clin Nutr 2013;98(4):1113-333 
22. doi: 10.3945/ajcn.113.060012. 334 
20 
 
14. Cogswell ME, Wang CY, Chen TC, Pfeiffer CM, Elliott P, Gillespie CD, Carriquiry 335 
AL, Sempos CT, Liu K, Perrine CG, et al. Validity of predictive equations for 24-h 336 
urinary sodium excretion in adults aged 18-39 y. Am J Clin Nutr 2013;98(6):1502-13. 337 
doi: 10.3945/ajcn.113.059436. 338 
15. Cooper R, Liu K, Trevisan M, Miller W, Stamler J. Urinary sodium excretion and blood 339 
pressure in children: absence of a reproducible association. Hypertension 340 
1983;5(1):135-9. 341 
16. Cooper R, Soltero I, Liu K, Berkson D, Levinson S, Stamler J. The association between 342 
urinary sodium excretion and blood pressure in children. Circulation 1980;62(1):97-343 
104. 344 
17. Liu K, Cooper R, Soltero I, Stamler J. Variability in 24-hour urine sodium excretion in 345 
children. Hypertension 1979;1(6):631-6. 346 
18. Cotter J, Cotter MJ, Oliveira P, Cunha P, Polonia J. Salt intake in children 10-12 years 347 
old and its modification by active working practices in a school garden. J Hypertens 348 
2013;31(10):1966-71. doi: 10.1097/HJH.0b013e328363572f. 349 
19. Marrero NM, He FJ, Whincup P, Macgregor GA. Salt intake of children and adolescents 350 
in South London: consumption levels and dietary sources. Hypertension 351 
2014;63(5):1026-32. doi: 10.1161/HYPERTENSIONAHA.113.02264. 352 
20. Shi L, Krupp D, Remer T. Salt, fruit and vegetable consumption and blood pressure 353 
development: a longitudinal investigation in healthy children. Br J Nutr 354 
2014;111(4):662-71. doi: 10.1017/S0007114513002961. 355 
21. Mente A, O'Donnell MJ, Dagenais G, Wielgosz A, Lear SA, McQueen MJ, Jiang Y, 356 
Xingyu W, Jian B, Calik KB, et al. Validation and comparison of three formulae to 357 
21 
 
estimate sodium and potassium excretion from a single morning fasting urine compared 358 
to 24-h measures in 11 countries. J Hypertens 2014;32(5):1005-14. doi: 359 
10.1097/HJH.0000000000000122. 360 
22. Huang L, Crino M, Wu JH, Woodward M, Barzi F, Land MA, McLean R, Webster J, 361 
Enkhtungalag B, Neal B. Mean population salt intake estimated from 24-h urine 362 
samples and spot urine samples: a systematic review and meta-analysis. Int J Epidemiol 363 
2016;45(1):239-50. doi: 10.1093/ije/dyv313. 364 
23. Kawasaki T, Itoh K, Uezono K, Sasaki H. A simple method for estimating 24 h urinary 365 
sodium and potassium excretion from second morning voiding urine specimen in adults. 366 
Clin Exp Pharmacol Physiol 1993;20(1):7-14. 367 
24. Tanaka T, Okamura T, Miura K, Kadowaki T, Ueshima H, Nakagawa H, Hashimoto T. 368 
A simple method to estimate populational 24-h urinary sodium and potassium excretion 369 
using a casual urine specimen. J Hum Hypertens 2002;16:97-103. 370 
25. Brown IJ, Dyer AR, Chan Q, Cogswell ME, Ueshima H, Stamler J, Elliott P, Group IC-371 
OR. Estimating 24-hour urinary sodium excretion from casual urinary sodium 372 
concentrations in Western populations: the INTERSALT study. Am J Epidemiol 373 
2013;177(11):1180-92. doi: 10.1093/aje/kwt066. 374 
26. Meng L, Ma L, Sun C. The estimating modole building of 24-hour urine excretion from 375 
the casual urinary electrolytic concentrations based on clinical big data. Eur J Pediatr 376 
2016;175(11):1866-7. 377 
27. Toft U, Cerqueira C, Andreasen AH, Thuesen BH, Laurberg P, Ovesen L, Perrild H, 378 
Jorgensen T. Estimating salt intake in a Caucasian population: can spot urine substitute 379 
22 
 
24-hour urine samples? Eur J Prev Cardiol 2014;21(10):1300-7. doi: 380 
10.1177/2047487313485517. 381 
28. Buchsbaum M, Harris EK. Diurnal variation in serum and urine electrolytes. J Appl 382 
Physiol 1971;30(1):27-35. doi: 10.1152/jappl.1971.30.1.27. 383 
29. Stanbury SW, Thomson AE. Diurnal variation in electrolyte excretion. Clin Sci 384 
1951;10(3):267-93. 385 
30. Jaffé M. Ueber den Niederschlag, welchen Pikrinsäure in normalem Harn erzeugt und 386 
über eine neue Reaktion des Kreatinins. Z Physiol Chem 1886;10:391-400. 387 
31. Kuczmarski RJ, Ogden CL, Guo SS, Grummer-Strawn LM, Flegal KM, Mei Z, Wei R, 388 
Curtin LR, Roche AF, Johnson CL. 2000 CDC Growth Charts for the United States: 389 
methods and development. Vital Health Stat 11 2002(246):1-190. 390 
32. Remer T, Neubert A, Maser-Gluth C. Anthropometry-based reference values for 24-h 391 
urinary creatinine excretion during growth and their use in endocrine and nutritional 392 
research. Am J Clin Nutr 2002;75(3):561-9. 393 
33. Kawasaki T, Uezono K, Itoh K, Ueno M. Prediction of 24-hour urinary creatinine 394 
excretion from age, body weight and height of an individual and its application. Nihon 395 
Koshu Eisei Zasshi 1991;38(8):567-74. 396 
34. Mage DT, Allen RH, Kodali A. Creatinine corrections for estimating children's and 397 
adult's pesticide intake doses in equilibrium with urinary pesticide and creatinine 398 
concentrations. J Expo Sci Environ Epidemiol 2008;18(4):360-8. doi: 399 
10.1038/sj.jes.7500614. 400 
23 
 
35. Petersen KS, Wu JHY, Webster J, Grimes C, Woodward M, Nowson CA, Neal B. 401 
Estimating mean change in population salt intake using spot urine samples. Int J 402 
Epidemiol 2017;46(5):1542-50. doi: 10.1093/ije/dyw239. 403 
36. Bland JM, Altman DG. Statistical methods for assessing agreement between two 404 
methods of clinical measurement. Lancet 1986;1(8476):307-10. 405 
37. Bland JM, Altman DG. Measuring agreement in method comparison studies. Stat 406 
Methods Med Res 1999;8(2):135-60. 407 
38. Rakova N, Juttner K, Dahlmann A, Schroder A, Linz P, Kopp C, Rauh M, Goller U, 408 
Beck L, Agureev A, et al. Long-term space flight simulation reveals infradian 409 
rhythmicity in human Na(+) balance. Cell Metab 2013;17(1):125-31. doi: 410 
10.1016/j.cmet.2012.11.013. 411 
39. Olde Engberink RHG, van den Hoek TC, van Noordenne ND, van den Born BH, Peters-412 
Sengers H, Vogt L. Use of a single baseline versus multiyear 24-hour urine collection 413 
for estimation of long-term sodium intake and associated cardiovascular and renal risk. 414 
Circulation 2017;136(10):917-26. doi: 10.1161/CIRCULATIONAHA.117.029028. 415 
40. Sun Q, Bertrand KA, Franke AA, Rosner B, Curhan GC, Willett WC. Reproducibility 416 
of urinary biomarkers in multiple 24-h urine samples. Am J Clin Nutr 2017;105(1):159-417 
68. doi: 10.3945/ajcn.116.139758. 418 
41. Moons KG, Kengne AP, Grobbee DE, Royston P, Vergouwe Y, Altman DG, 419 
Woodward M. Risk prediction models: II. External validation, model updating, and 420 
impact assessment. Heart 2012;98(9):691-8. doi: 10.1136/heartjnl-2011-301247. 421 
42. Huang L, Crino M, Wu JH, Woodward M, Land MA, McLean R, Webster J, 422 
Enkhtungalag B, Nowson CA, Elliott P, et al. Reliable quantification of the potential 423 
24 
 
for equations based on spot urine samples to estimate population salt intake: protocol 424 
for a systematic review and meta-analysis. JMIR Res Protoc 2016;5(3):e190. doi: 425 
10.2196/resprot.6282. 426 
 427 
  428 
25 
 
TABLES 429 
Table 1. Equations to estimate 24-h sodium excretion from urine spot samples 430 
Reference Description Equations1 
Kawasaki et 
al. (23) 
Developed with a sample of 159 
Japanese of 20-79 years of age, 
with a morning spot sample 
followed by 3-5 24-h urine 
collection. 
Male: Est24hNa ≈ 23 × [16.3 × (SpNa / 
(SpCre × 10))0.5 × (– 12.63 × age + 
15.12 × weight + 7.39 × height – 79.9)] 
/ 1000 
Female: Est24hNa ≈ 23 × [16.3 × 
(SpNa / (SpCre × 10) 0.5 × (– 4.72 × age 
+ 8.58 × weight + 5.09 × height – 
74.5)] / 1000 
Tanaka et 
al. (24) 
Developed with a sample of 336 
Japanese of 20-69 years of age, 
with a casual spot sample followed 
by a 24-h urine collection. 
Both sexes: Est24hNa ≈ 23 × [21.98 × 
[(SpNa / (SpCre × 10)) × (– 2.04 × age 
+ 14.89 × weight + 16.14 × height - 
2244.45)]0.392 / 1000] 
Remer et al. 
(32) 
Developed with a sample of 454 
healthy white children 3-18 years, 
with 24-h urine samples to predict 
24-h creatinine excretion. 
Both sexes: Est24hNa ≈ 23 × ((SpNa / 
SpCre)) × 10(0.0102 × height – 0.6854)) / 1000 
Mage et al. 
(34) 
Also known as the NHANES 
equation, developed with a sample 
of 267 adults 18-92 years of age, 
originally developed to predict 
urine pesticide and chemical 
exposure. 
Male: Est24hNa ≈ 23 × [(SpNa / (SpCre 
× 10)) × 0.00179 × (140 – age) × 
weight1.5 × height0.5 × 1.366 -0.0159 × 
BMI] / 1000 
Female: Est24hNa ≈ 23 × [(SpNa / 
(SpCre × 10)) × 0.00163 × (140 – age) 
× weight1.5 × height0.5 × 1.429 -0.0198 
× BMI] / 1000 
Brown et al. 
(25) with K 
Also known as the INTERSALT 
equation, developed with a 
subsample of the INTERSALT 
study of 5,693 individuals of 20-59 
years from various Western 
countries, with a casual spot sample 
followed by 24-h urine collection. 
Two versions of this equation 
exists, one using potassium (K) and 
another without potassium. 
Male: Est24hNa ≈ 23 × [25.46 + 0.46 × 
SpNa – 2.75 × SpCre – 0.13 × SpK + 
4.10 × BMI + 0.26 × age] / 1000      
Female: Est24hNa ≈ 23 × [5.07 + 0.34 
× SpNa – 2.16 × SpCre – 0.09 × SpK + 
2.39 × BMI + 2.35 × age – 0.03 × age2] 
/ 1000 
Brown et al. 
(25) without 
K 
Male: Est24hNa ≈ 23 × [23.51 + 0.45 × 
SpNa – 3.09 × SpCre + 4.16 × BMI + 
0.22 × age] / 1000      
Female: Est24hNa ≈ 23 × [3.74 + 0.33 
× SpNa – 2.44 × SpCre + 2.42 × BMI 
+ 2.33 × age – 0.03 × age2] / 1000 
Toft et al. 
(27) 
Developed with a sample of 473 
Danish adults 28-74 years, with a 
casual spot sample followed by a 
Male: Est24hNa ≈ 23 × [33.56 × 
((SpNa / SpCre × 10)  × (– 7.54 × age 
+ 14.15 × weight + 3.48 × height + 
423.15)) 0.345]  
26 
 
24-h urine sample within 0-14 
days. 
Female: Est24hNa ≈ 23 × [52.65 × 
((SpNa / SpCre × 10)  × (– 6.13 × age 
+ 9.97 × weight + 2.45 × height + 
342.73)) 0.196]  
Meng et al. 
(26) 
Developed with children from a 
Chinese hospital database with a 
casual spot sample and a 24-h urine 
sample. 
Both sexes: Est24hNa ≈ 23 × [12.3 × 
(SpNa / (SpCre × 10)) 0.5 × (-11.53 × 
age + 14.12 × weight + 8.39 × height – 
68.9)] / 1000 
1Abbreviations and units: K: Potassium; Est24-hNa: estimated 24-h sodium urinary excretion 431 
in g/day; SpNa: concentration of sodium in spot in mmol/L; SpCre: concentration of creatinine 432 
in spot in mmol/L; SpK: concentration of potassium in spot in mmol/L; age in years; weight in 433 
kg; height in cm; BMI: body mass index in kg/m2. 434 
435 
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Table 2. Sample characteristics (n=86). Values are mean ± standard deviation (range), or 436 
percentages. 437 
 Values 
Age (years) 10.5 ± 2.7 (6-16) 
Female (%) 41.9% 
Height (cm) 141 ± 16 (113-186) 
Weight (kg) 34.8 ± 12.0 (17.4-72.0) 
Body mass index (kg/m2) 17.0 ± 3.4 (12.5-37.2) 
Overweight (%) 11.6% 
24-h sodium excretion (g/d) 2.4 ± 1.1 (0.3-6.4) 
24-h creatinine excretion (mmol/d) 6.4 ± 3.4 (2.5-27.4) 
24-h potassium excretion (g/d) 1.8 ± 0.6 (0.6-4.4) 
 438 
  439 
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FIGURE 440 
 441 
Figure 1. Scatterplot of measured 24-h sodium excretion versus estimated 24-h sodium 442 
excretion from urine spot samples using different equations. Legend: Black continuous line: 443 
identity line, i.e. perfect correlation; black dashed lines: 1 g difference between measured and 444 
estimated excretion; red dotted lines: threshold for high sodium intake, i.e. 2 g; blue dashed 445 
line: linear regression. 446 
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 447 
Figure 2. Bland-Altman plots. Legend: x-axis: average of measured and estimated 24-h 448 
sodium excretion; y-axis: mean difference between estimated and measured 24-h sodium 449 
excretion; continuous line: mean difference; dashed lines: 95% limits of agreement of the mean 450 
difference (mean ±1.96 SD). 451 
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 452 
Figure 3. Heat map comparison of the different equations with the evening, overnight and 453 
morning urine spot samples to estimate 24-h urinary sodium excretion. Colors: Gradient 454 
from red (worst estimate), through yellow (50th centile) to green (best estimate). 1) Mean bias: 455 
mean difference between estimated and measured 24-h sodium excretion; 2) Precision: 456 
proportion of children with a difference between estimated and measured sodium excretion of 457 
less than 1 g sodium; 3) Sensitivity, i.e., the proportion of children who had an estimated 24-h 458 
sodium excretion ≥2 g/day among those who had a measured excretion ≥2 g/day; the specificity; 459 
4) Specificity: the proportion of children who had an estimated 24-h sodium excretion <2 g/day 460 
among those who had a measured excretion <2 g/day; 5) Misclassification: proportion of 461 
children misclassified to ≥2 g or <2 g sodium intake per day;  6) Score: overall score ranges 462 
from 0 to 6 and is the sum of measures above/below threshold values (i.e., a score of 1 was 463 
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attributed to absolute mean bias below 0.4 g per day, a Pearson correlation above 0.4, a 464 
precision above 60%, a sensitivity above 75%, a specificity above 75%, and a misclassification 465 
below 30%; otherwise a score of 0 was attributed to the measure). 466 
